It is estimated that 54% of all sport related injuries are to the lower extremity, specifically the knee and ankle. Following injury, many individuals demonstrate an asymmetrical weight shift during a double-leg squat, which may increase risk of further injury. Asymmetries are driven by a variety of factors including range of motion and neuromuscular control. The goal of rehabilitation is to identify asymmetrical movement and utilize evidence-based techniques to retrain deficient movement patterns. The double-leg squat is a reliable movement task to identify asymmetrical weight shifts. Based on the theory and purpose of suspension training (TRX), it may be one clinical tool to aid in retraining movement and diminish asymmetrical loading.
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Background
Injuries are an inherent part of participation in athletics. According to an epidemiology study completed by Hootman et al. 1 roughly 54% of sport related injuries reported were lower extremity injuries, a majority of which were to the knee and ankle. A history of lower extremity injury is a predisposing risk factor for heightened risk of future injury. Research has focused on identifying injury risk factors and on modifying these risk factors to reduce injury risk.
Restricted mobility, or range of motion (ROM), as well as asymmetrical movement and loading may contribute to lower extremity injury risk. Restricted ROM influences available motion during dynamic movement and may contribute to asymmetrical movement and loading.
Fortunately, ROM is modifiable through a variety of clinical interventions. However, research and clinical practice are still working toward understanding the most effective means of retraining movement to diminish asymmetry.
Previous research has demonstrated a link between restricted joint ROM and lower extremity movement patterns that may contribute to injury, particularly at the knee. Both distal and proximal joint motion can influence knee motion and in turn influence total lower extremity movement. For instance, restricted passive ankle dorsiflexion ROM is associated with greater medial knee displacement (MKD) during an overhead squat 2, 3 MKD is a clinical observation of knee excursion during movement, and is characterized as the combined motions of knee abduction (valgus), hip adduction, and hip or knee rotation. Knee valgus and hip adduction during dynamic movement patterns are known risk factors for primary 4 and secondary 5 anterior cruciate ligament (ACL) rupture. Joint motion proximal to the knee can also greatly influence potential knee injury. [6] [7] [8] [9] Restricted passive hip rotation ROM has been correlated with ACL ruptures and re-ruptures caused by non-contact trauma in soccer athletes. [6] [7] [8] Ongoing research needs to better explain the relationship between hip rotation ROM and lower extremity movement patterns.
Movement screenings can identify individuals with lower extremity movement profiles that may heighten injury risk. One such movement is excessive hip adduction during dynamic loading, which presents as a decreased pelvic femoral angle. 10 Previous research has identified a relationship between excessive hip adduction and known injury risk factors in an otherwise healthy population. 2, 11 Additionally, a currently unpublished work by Begalle et al has observed greater hip adduction motion during a double-leg jump landing on the limb with a history of ACL reconstruction compared to the previously uninjured limb. The amount of hip adduction that occurs during dynamic movement can be influenced by the amount of hip rotation ROM available on each limb. 11 Therefore, it may be important to investigate the inter-play between available hip rotation ROM and hip adduction angle during a movement screening process.
Clinicians utilize full body movement patterns to observe for dysfunctional movement and any movement asymmetries that could contribute to injury. The double-leg squat is a common full body movement pattern that is used clinically 12, 13 and in the research setting 2, 3, [14] [15] [16] [17] [18] [19] to identify dysfunctional movement. It can be completed quickly and is relatively easy to use a visual check list to identify dysfunction and asymmetry. 20 During a double-leg squat, hip adduction results as one limb shifts away from the midline and the other limb maintains a more neutral position or is abducted away from the midline. if clinicians make the individual aware of the weight shift, the individual can self-correct the movement pattern. The TRX suspension trainer is a workout system that leverages gravity and an individual's body weight, through holding on to handles attached to straps, anchored to a solid surface such as the wall. The TRX was created by a Navy SEAL who wanted to create an exercise system that could be easily transported. TRX states that while using this system, individuals can focus more on mobility and flexibility training, 23 making it a useful tool in rehabilitation as well. Unfortunately, there is a large absence of research for its use in the rehabilitation setting.
Therefore, the first aim of this study is to compare passive hip internal rotation ROM (IR-ROM) and hip external rotation ROM (ER-ROM) between limbs (TWD, AWAY) in a sample of healthy participants that demonstrate an asymmetrical weight shift during the double-leg squat.
The second aim is to identify differences in the magnitude of hip adduction (ADD) angle asymmetry (AWAY -TWD) during two conditions of the double-leg squat (baseline, TRX) in the same sample. 12, 13, 20 This study focuses on identifying lower extremity asymmetries by analyzing squat mechanics and identifying.
Independent Variables

Relevant Anatomy Ankle
The lower extremity is broken down into the foot, ankle, lower leg, knee and the hip. The talocrural joint, commonly referred to as the ankle joint, consists of the tibia and fibula, called the lower leg or shank, which sit upon the talus. 25 The talocrural joint is a hinge joint and is responsible for the dorsiflexion and plantar flexion motions at the ankle, with the help from the triceps surae, gastrocnemius, soleus and plantaris muscles, which concentrically plantar flex the ankle and eccentrically dorsiflex it. 25 Ankle plantar flexion is the motion of stepping on a gas pedal, or pointing one's toes towards the ground. Dorsiflexion is the opposite action, such as lifting off a gas pedal or bringing one's toes towards their face. The normal passive, non weightbearing dorsiflexion is 11-25°2 6,27 where normal weight-bearing lunge range of motion is considered greater than 40°. 15, 28 Within the talocrural joint is the distal tibiofibular joint, which allows for proper translations over the talus. The musculature of the lower leg and ankle are separated into four compartments: anterior, lateral, deep posterior and superficial posterior compartments. 25 In the lateral compartment, the peroneus longus and brevis help evert and plantarflex the ankle. 25, 28, 29 These two muscles also help act as a dynamic restraint to help prevent lateral ankle sprains. 25, 28, 29 The superficial posterior compartment holds the gastrocnemius, the plantaris and the soleus, also called the triceps surae. 25 The triceps surae is responsible for plantar flexion, as well as the gastrocnemius and plantaris assist in knee flexion, as they cross two joints. 25 These are the group of muscles that, when tight, can be responsible for restrictions in ankle dorsiflexion. 25 When dorsiflexion is happening with the knee straight, the gastrocnemius is stretched across both joints, and restrictions are greater yet.
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Knee
Moving up the kinetic chain, the knee is comprised of the patellofemoral joint and the tibiofemoral joint. 25 The patellofemoral joint is the patella, a sesamoid bone that sits within the patellar tendon and articulates the femur in the patellar groove. 25 The tibiofemoral joint is made of the femur and the tibia, the joint most commonly referred to as the knee. 25 The movements that happen at the tibiofemoral joint include flexion and extension, internal and external rotation, and abduction and adduction. 25 During flexion and extension in a weight bearing position, the femur moves on the tibia, where during non-weight bearing position the tibia moves on the femur. 25 Another movement pattern unique to the knee is the screw-home mechanism. Due to the larger medial femoral condyle, during the last 15-30° of knee extension, the tibia externally rotates about 20° to obtain the full extension. [31] [32] [33] The large muscles acting upon the knee are the quadriceps, the hamstrings, the gastrocnemius. 25 The quadriceps muscles include the rectus femoris, which acts on both the hip and the knee; and the vastus medialis, vastus lateralis, and vastus intermedius that only act upon the knee. 25 As a group they control knee extension, and the vastus medialis also controls medial glides of the patella. 25 The hamstring muscles are made up of the semimembranosus and semitendinosis, which run down the medial side of the posterior thigh, and the biceps femoris, which runs down the lateral side of the posterior thigh. 25 This group as a whole also cross two joints, thus acting as knee flexors as well as hip extensors. 25 They also aid in rotations of the tibia, internal rotation for the semimembranosus and semitendinosus and external rotation for the biceps femoris; being large muscle groups that run down the thigh and along the outside of the tibiofemoral joint, they also aid as dynamic restraints to prevent valgus and varus forces. 
Lumbo-Pelvic-Hip Complex
The lumbo-pelvic-hip complex is a group of five joints made up of the femur, acetabulum, the illium, ischium, and pubis known as the innominate bones; coccyx, sacrum, and lumbar vertebrae. 25 The true hip joint, or coxofemoral joint, is a ball-and-socket joint made of the femur and the acetabulum. 25 This is one of the most stable joints in the body, due to the deep acetabulum, size and strength of the ligaments and muscles, and a strong joint capsule. 25 Movement in all three planes occurs at the coxofemoral joint: flexion and extension, abduction and adduction, and internal and external rotations. 25 On the posterior side there is the sacroiliac joints, made of the sacrum and both ilia. 25 Superior to the sacroiliac joint is the lumbosacral joint and then each joint formed by the vertebrae to make the bony foundation for the trunk. 25 This allows for flexion and extension, rotations, and lateral flexion to either side. 25 The muscles that make up the anterior hip muscles are the rectus femoris, the sartorius, and the iliopsoas muscles (illiacus, psoas major, psoas minor). 25 All five of these muscles aid in flexing the hip, as well as the sartorius helps externally rotate and abduct the hip. 25 Laterally, the gluteus medius and tensor fasciae latae abduct and the gluteus medial externally rotates where the tensor fasciae latea internally rotates. 25 The posterior hip musculature included the hamstrings and the gluteus maximus, which is also a hip extensor. 25 Muscles, and muscle imbalances, can also play a part in asymmetries with movements.
The over activity of one muscle, and thus the decreased performance of another can cause greater pull to be in one direction. One reason they may demonstrate asymmetrical hip shift during squat potentially would be an imbalance of internal/external hip rotations available. Due to the extensive and large amount of support surrounding the hip, it is a stable joint. It often loses mobility, to allow for more stability and the ability to keep people standing upright and completing loading and dynamic movements.
Importance of Internal and External Hip Rotation
Hip range of motion is important for the function of many multidirectional movements in daily activities as well as sports performance. Deficient motion can alter movement throughout the kinetic chain and potentially predispose individuals to increased injury risk. Hip internal and external range of motion deficits are believed to play a role in increased risk of ACL injuries in both males and females. 6,9,34 Lopes et al 6 compared passive hip internal rotation, external rotation, total rotation arc (internal + external rotations) and abduction angles in participants who experienced contact and non-contact ACL ruptures and found that individuals who experienced non-contact ruptures had statistically significant restrictions in all ranges of motion compared to those who experienced a contact ACL tear. Tainaka et al 34 also researched active hip range of motion measures in participants with and without a history of ACL injury. They also found that participants with a history of ACL injury had less hip internal and external range of motion measures compared to those in the control group. Both studies were retrospective in nature, meaning range of motion measurements were taken after they had already sustained an injury, therefore it is unknown if the differences were present prior to injury.
The Effect of Lower Extremity Injury on Asymmetrical Movement
Anterior Cruciate Ligament (ACL) Sprains ACL tears can occur via a contact or non-contact injury mechanism resulting from a pivot of the knee. Women are more susceptible to suffering from non-contact ACL tears during sport, specifically basketball and soccer, compared to men. 35 Non-contact ACL injuries are due to an individual's own movement patterns as opposed to an object making direct contact with the knee. There are a number of intrinsic and extrinsic risk factors that may contribute to non-contact ACL injuries. Modifiable intrinsic risk factors, such as neuromuscular control and biomechanics are often the focus of interventions. Modifying these risk factors may potentially decreasing the rates of non-contact ACL injuries. ACL injury prevention programs attempt to improve areas such as hip strength, 36,37 quadriceps and hamstring muscle activation patterns(ratio), 37 and improving landing and cutting mechanics. 36, 37 ACL injury prevention programs try to address making changes to these areas. 38 In a meta-analysis completed by Hewett et al, 38 six studies were collected, analyzed, and found to show significant favor to the implementation of programs that emphasize neuromuscular training programs.
Effects of Injury on Lower Extremity Biomechanics
Restrictions in ankle dorsiflexion are associated with a greater risk of ankle sprains 29, 39 and also problems further up the kinetic chain, including greater medial knee displacement, 40, 41 greater knee flexion during landing tasks, 15, 40 and greater strain on the patellar tendon. 42 Begalle et al 40 found that during jump landing tasks, participants with smaller ankle dorsiflexion values at initial ground contact had larger knee flexion and varus angles as well as hip flexion and internal rotation. Dill et al 15 also observed knee and ankle range of motions during jump landing tasks, as well as overhead squat, single-leg squats, in participants with normal and restricted weight bearing lunge tasks; they found that the restricted weight bearing lunge test groups had increased knee flexion angles during overhead and single-leg squats compared to the normal weight bearing lunge test groups. They did not, however, find any statistically significant differences during the jump landing tasks. 15 Sigward et al 41 observed ankle, knee and hip range of motions during drop landing tasks and found a negative correlation associated with hip external rotation and ankle dorsiflexion range of motions compared to frontal knee valgus.
Decreased ankle dorsiflexion was determined to account for 10.8% of the variance of knee varus during the drop landing task, second to the 16.3% of decreased hip external rotation. 41 Brown et al 43 completed a study performing stop jump tasks and determined that participants with mechanical ankle instability displayed greater hip flexion, greater maximum hip flexion and hip external rotation than those who were labeled as copers. In addition to range of motion changes, Friel et al 44 found ipsilateral hip abductor weakness in participants who had at least two ankle sprains on that same side.
Additionally, anterior cruciate ligament damage can also be correlated with specific factors biomechanically that may predispose the athletes to this injury. Anterior cruciate ligament damage is often linked to weakness in hip musculature, increases in hip adduction or internal rotation, 3, 36, 45 and medial knee displacement. 46 Bell et al 3 identified that their participants with medial knee displacement displayed decreases in ankle plantarflexion strength and increases in passive external rotation as well trended towards having decreased passive, knee-flexed ankle dorsiflexion. Bell et al 3 noted during the discussion that further research should be completed to identify if lower extremity muscle imbalances are present during the overhead squat to help determine if it is a contributing factor to medial knee displacement. Bell et al 30 later conducted such a study, where isokinetic strength and additional EMG data was collected while completing an overhead squat. They found that participants displaying medial knee displacement had less straight-knee ankle dorsiflexion than the control group. Bell et al 30 unfortunately did not find statistically significant differences in hip muscle activation between groups while completing the overhead squat, though they noted hip adductor activation during the overhead squats was slightly increased compared to the control group. They concluded by stating it potentially was a neuromuscular control difference between groups, and not a strength deficit. Padua et al 18 also
conducted a similar study, but found that participants with medial knee displacement displayed 34% greater adductor magnus activation while completing an overhead squat as compared to a control group. All movement patterns are reliant upon multiple movements through the entire kinetic chain, and changes in one area can cause deficits in other areas believed to be unrelated.
For the purpose of this study, we are focusing on participants that display an asymmetrical weight shift while completing an overhead squat.
Asymmetrical Weight Shift Operational Definition
An asymmetrical weight shift, also called a lateral hip shift, can be visually identified during a squat as the participant shifting more weight toward one side. 10, 19 The hip adduction angle is comprised of the midpoint of the patella and each anterior superior iliac spine, with the ASIS on the side being measured as the center of the angle. This measurement is often taken this way on the table supine, but can easily be applied to a weight bearing position. 26 Muscles that may contribute to an asymmetrical hip shift include the gluteus medius and the adductor group 19, 20 It is hypothesized that during an asymmetrical weight shift, participants have overactive adductors on the side they shift toward and underactive gluteus medius on the side they shift toward. 20 Looking at the limb shifted away from, it is believed that the roles reverse and the adductors are underactive where the gluteus medius is overactive. 20 Peterson et al 19 conducted a study to identify overactivity and underactivity of the adductors, gluteus maximus, gluteus medius, and hip adductors during an overhead squat in participant with and without a lateral hip shift. They also collected passive range of motion assessment for hip internal and external rotation, hip abduction, knee extension and also a weight-bearing lunge test. 19 Gluteus medius activation between groups was the only statistically significant muscle activation data Peterson et al 19 had collected, finding that the hip shift group had significantly decreased gluteus medias activation. They also found that within the hip shift group, hip internal rotation and total hip range of motion arcs were different between limbs; hip internal rotation was greater on the limb shifted towards, but the limb shifted towards also had a smaller total hip range of motion arc comparted to the limb shifted away from. 19 Ankle dorsiflexion was also smaller on the limb shifted towards compared to the limb shifted away from within the hip shift group.
Double-Leg Squats Kinematics
The overhead double leg squat is a full body movement often used on its own or as a part of biomechanical movement screens to identify restrictions or deficits. 12, 13, 20, 47 Each major segment of the body has a unique role in performing the proper overhead squat, and just like other movements, compensations happen when there are restrictions in other areas. The proper squat specifically looks at the following areas, which can be broken down further if needed: feet and ankles, knees, lumbo-pelvic-hip complex and the shoulders or upper extremity. 20 When looking at the sagittal (side) view of the double-leg squat, the feet should appear to be facing straight forward and the ankles should be dorsiflexing, with the assistance of the triceps surae facilitating that movement. 20, 48 Restrictions in ankle dorsiflexion can cause the center of pressure in the foot to translate from the mid-foot to the toes and the heel to come off the ground, in attempt to gain motion. 48 The knees should be flexed and not travel anteriorly past the toes. In a study completed by Macrum et al 17 a wedge was placed under the toes to grant the participants more ankle dorsiflexion and found a decrease in knee flexion and an increase in medial knee displacement when looking at the frontal plane as well. Oppositely, Bell et al 3 conducted a study that placed a wedge under the heels of participants who displayed a medial knee displacement during regular double leg squats and found that placing the wedge under the heels helped to correct their medial knee displacement. In a different study completed by Dill et al 15 a correlation was found between greater ankle dorsiflexion during the weight bearing lunge test and greater knee flexion and ankle dorsiflexion during double leg squat, when compared to those with restricted ankle dorsiflexion. Moving up the kinetic chain, equal weight distribution should be supported on each leg, and hips should be perpendicular to where the participant is facing. The torso should be upright and the arms overhead. While completing a squat, the participant squats down, as if sitting in a chair, completing hip, knee and ankle dorsiflexion while maintaining an upright torso, parallel to the shank, and arms overhead. Any deviation from this pattern is considered a compensation. 20 Multiple squats should be performed for analysis to ensure that the patterns are consistently found.
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Suspension Training Background
The TRX suspension training system was developed by a Navy SEAL who wanted to create a system that would allow him to complete his workouts anywhere. 23 Ten years later it is one of the top portable equipment systems available. Ranging from $40.00 49 -$150.00, 23 the portable nature and low cost of the suspension systems are factors that make this tool useful in any athletic setting. The popularity of these systems has grown among military, runners, and professional athletes, but is simple enough to be used by beginners and experts. 23 The TRX website 23 advertises that it is perfect for use to improve mobility and flexibility because it "allows you to unload and leverage your bodyweight so you can safely and effectively get more out of your flexibility and mobility training." The statements about the TRX suspension trainer would make this product perfect for use in the rehabilitation setting along with the fitness setting, but unfortunately there is a lack of research on its use in that setting.
Lack of Research for Rehabilitation
Current research on the TRX or other suspension training systems is limited to the sports performance topics or elderly populations 50 and out of research pertaining to rehabilitation for athletes. Mok et al 51 and Byrne et al 52 both utilized the TRX suspension system to be used while completing core exercises, such as planks. Byrne et al 52 determined that through the use of the suspension training system, their participants had increased abdominal muscle activation while using the TRX system compared to a plank where both hands and feet were on the ground. Mok et al 51 analyzed core activation while completing four exercises, plank with hip abduction, hamstring curl, chest press and the 45° row. They determined that the greatest core activation was recorded while the participants completed the plank with hip abduction and the smallest activation while completing the 45° row. 51 Both support the use of the suspension training systems for the use of core activation and other muscle strengthening. Gaedtke et al 50 used the TRX system for rehabilitation for an older adult population to increase physical activity levels while being able to provide some support through the movements. They recruited eleven older adults for the twelve-week intervention program. At the end of the twelve weeks, all eleven participants reported positive experiences with the TRX system and self-reported improvements in strength, balance and gait. 50 It is unknown if the claims of the ability of the TRX to "unload and leverage your bodyweight so you can safely and effectively get more out of your flexibility and mobility training" are true. Potentially, the use of a TRX suspension trainer could allow an individual with an asymmetrical weight shift to decrease their asymmetrical loading.
These would be useful and similar parameters to use to apply the TRX system to rehabilitation techniques, but is a missing component from the literature.
Conclusion
The literature identifies that overhead squats, and squat mechanics are common tasks when analyzing full body movement patterns. 2, 3, 10, 12, [15] [16] [17] [18] [19] 48 The literature also identifies potential compensations in movement patterns that are believed to predispose individuals to risks of injury. 3, 6, 10, [15] [16] [17] [18] [19] 30, 37, 40, [42] [43] [44] Suspension training systems advertise that they are useful in improving mobility and flexibility, but are lacking in research pertaining to rehabilitation benefits or uses. 23 Therefore, the purpose of this study was two-fold. First, the purpose was to determine if there is a difference in passive measures of hip internal and external rotation range of motion between the limb shifted towards and the limb shifted away from during an overhead squat. Secondly, the purpose was to determine the effect of the TRX suspension trainer would on the hip ADD angle difference scores (TWD-AWAY) compared to the baseline condition.
CHAPTER III: METHODS
Design
This project was a controlled laboratory study to compare hip range of motion and hip kinematics with and without a TRX suspension trainer in individuals with an asymmetric weight shift during an overhead squat. The independent variables were (1) Condition: baseline and TRX, and (2) Limb: limb shifted towards, limb shifted away. The dependent variables included (1) passive hip internal rotation range of motion, (2) passive hip external rotation range of motion, and (3) hip adduction angle during the overhead squat.
Participants
Participants were recruited from Division I and Division III universities in central Illinois via recruitment fliers and speaking in classes. Any recreationally active, college-age student (18-30 years old) attending either institution were considered for this study. Recreationally active was defined as exercising 3 times per week for 30 minutes or a total of 90 minutes per week. 53, 54 Thirtysix healthy, college-age participants were initially screened for potential participation and 28 were originally included in the study. Unfortunately, during data reduction, 2 participants had too large or a forward trunk lean and were excluded because measurements could not be obtained, and 2
were excluded because after review, they presented with inconsistencies in the direction they training system that uses nylon straps, handles, loops and a carabiner was also used for the TRX squat.
Procedures
Prior to participation, all participants read and signed an IRB-approved informed consent document. The participants were asked to wear their own dark colored spandex shorts; women wore a dark colored sports bra and men did not wear a shirt for testing. This clothing was necessary to allow visualization of reflective markers on bony landmarks to calculate hip kinematics.
Participants were prepped for the BASE squat by placing reflective markers (stickers) bilaterally on the anterior superior iliac spine (ASIS), midline of the femur, and center of the patella.
Participants were also barefoot to ensure all squat movements were natural. All participants completed a demographic survey which helped to confirm inclusion and exclusion criteria.
Anthropometric data was collected, including height (cm), body mass (kg), and age (years).
Participant Screening and Baseline Squat
All potential participants were screened for an asymmetrical weight shift (lateral) during the performance of five consecutive overhead squats. An asymmetrical weight shift was defined as the mid-sagittal line shifting laterally towards one leg during at least three out of five squats.
Participants were instructed to complete the overhead squat with feet shoulder width apart, heels on floor, feet facing forward, and both arms at 90° shoulder flexion. 15 From this position, the participants were instructed to bend their knees and lower their hips as if sitting in a chair. 15, 28 Participants were directed to complete a squat motion as deep as comfortable, at least to 60°, and then return back to start position. The speed of each squat was standardized to a two beat descent and two beat ascent with a one beat pause between sets guided by a metronome app set at 60 beats per minute (BPM) (Pro Metronome,EUMLab-Xanin Technology, Berlin, Germany, version 0.12.29). Three practice squats were allowed to become acquainted with the metronome timing and then five consecutive squats were completed and recorded using the 2D motion analysis app, Coach's Eye. The participants that did not display an asymmetrical weight shift during at least three of the five squats, or displayed inconsistencies with the side shifted towards were thanked for their participation and excluded from the study. Any participant that demonstrated an asymmetrical weight shift was asked to continue participation in the study. The investigator manually recorded which leg they shifted toward and which leg they shifted away from during the screening process. The limb shifted towards is the hip that had a smaller hip adduction angle, and the limb shifted away had the larger hip adduction angle. Range of motion assessments were performed immediately following group allocation for participants that qualified for the study.
Passive Range of Motion (PROM)
Bilateral PROM measurements were performed and recorded for hip internal rotation (IR-PROM) and hip external rotation (ER-PROM). Both measurements were performed using a digital inclinometer. All PROM measurements were described as the neutral joint position to the point of first resistance. The point of first resistance was defined as the point where the examiner felt resistance from tension in the muscle or the subject expressed discomfort. Participants laid prone on a treatment table with the test knee flexed to 90º and the other leg resting on the table for both measurements. 55 The digital inclinometer was lined up with the midline of the anterior tibial shaft placing the end of the inclinometer just distal to the tibial tuberosity. 55 For internal rotation measure, the clinician passively moved the lower leg away from the midline to the endpoint, while still maintaining neutral pelvic alignment. 55 For the external rotation measure, the lower leg was moved towards the midline to the endpoint, while still maintaining neutral pelvic alignment. 55 The internal and external measures was repeated for the second hip. The order of limb tested was counterbalanced between participants. Three trials of each motion was recorded and the average of the three trials used for analysis.
TRX Squat
The TRX squat condition was performed in a similar manner. Participants were instructed based on the recommendations provided through the TRX manual. The instructions were to stand facing the anchor point of the TRX while holding the handles, fully extend both arms, lean back to take out slack and lower hips into a squat position. While in a squat position they were then instructed to pull yourself into a balanced position with lengthened torso, drive through heels and extend hips to standing. Participants must have squatted deeper than 60° but no deeper than 90° as to not lose the reflective markers as well as to mirror most depths capable without the TRX.
Participants were given three practice squats and then five consecutive squats completed at the same cadence as the BASE squat were recorded using the iPad and Coach's Eye applications.
Data Reduction
All PROM measurements were calculated by taking the average of the three trials. Hip adduction angles were determined using 
Statistical Analysis
A paired samples t-test was performed to identify within subjects differences between limbs (shifted toward, shifted away) on measures of Hip IR-PROM and Hip ER-PROM.
A second paired samples t-test was performed to compare the hip kinematic difference scores calculated for Hip ADD (AWAY-TWD) between the BASE condition and the TRX condition.
All statistical analyses were performed using SPSS (IBM SPSS Statistics for Windows, version 21.0; IBM Corp, Armonk, NY). A priori alpha levels were set at p ≤0.05. 
Demographics
Descriptive data for dominant kicking limb, dominant balance limb, and side shifted toward are reported in Table 1 .
Hip Rotation PROM
No significant differences were observed between limbs on measures of 
Squat Kinematics
Calculated difference scores for hip adduction during the squat conditions (away-toward)
were significantly different between the BASE and TRX conditions (t1,23) = 3.11, p = 0.005, effect size = 0.63). Values are reported in Table 2 . The mean value decreased during the TRX condition, indicating a lessening of the asymmetrical weight shift. The difference in hip adduction angles between limbs during the baseline condition (11.93° ± 7.55) was a larger magnitude difference compared to when the same participants performed the double-leg squat with the TRX suspension trainer (6.39° ± 9.78). Based on the calculation method for this difference (Away -TWD), a decrease in the magnitude of this number indicates a shift in weight-bearing back toward the limb they were once shifting away from. Therefore, the TRX condition showed a statistically significant (p=0.005), as well as a clinically significant (d=0.63), decrease in the magnitude of the difference indicating they moved back to a more neutral position. This is the first study to investigate the use of a TRX suspension trainer in the rehabilitation setting to improve an asymmetrical weight shift during the double-leg squat.
During the TRX condition, the TWD limb ADD angle increased, showing a shift to a more neutral position. The investigators note that there was also an increase in the limb shifted AWAY, as well as the decrease in the difference scores, showing a more even squat. It is possible that because the TRX allows the individuals to squat to deeper depths than their TRX condition, that allowed to an increase in both limbs ADD angles. This should be investigated further with additional measurement tools to best explain fully the TRX's effect on the asymmetrical weight shift.
The stated purpose of the TRX suspension trainer is to allow individuals to unload and leverage their bodyweight so they can safely and effectively get more out of their flexibility and mobility training. 23 There are a number of reasons that somebody may shift their body weight while performing a double-leg squat, including mobility and neuromuscular control. We hypothesized that suspension training in this sample may allow them to unload their body weight and eliminate potential limitations caused by stability issues and perform a more symmetrical squat. This premise came from the selective functional movement assessment (SFMA), which is a movement based diagnostic system. This system allows clinicians to systematically find the cause of symptoms by breaking down dysfunctional movement patterns. Breakout for the deep squat task utilizes an assisted deep squat to identify if a patient has the mobility to move into the deep squat but lacks the neuromuscular control to do so. 22 In the current study, the TRX suspension trainer may have helped to make the individual aware of their asymmetrical weight shift due to the unequal tension (or pull) they would feel on the handles, thereby guiding the participants to begin correcting their movement automatically. 22 The use of a TRX suspension trainer may be a beneficial rehabilitation tool to enable patients to improve symmetry during double-leg movements.
Limitations
It was important to the current researchers to utilize a motion analysis tool that was readily available to clinicians. The iPad based motion analysis system (Coach's Eye) was an efficient and cost effective way to record videos, identify asymmetrical weight shifts, identify the deepest part of the squat, and calculate hip adduction angles. However, there were instances where the forward trunk flexion of a participant occluded the ASIS markers and we were unable to use their data. This is a limitation as we had to exclude participants that potentially could have lent greater insight into answering our research question. Also, because it is a 2D measure, it does not measure any transverse plane motion, which may also be a factor in an asymmetrical weight shift. If the investigators could measure the rotational component as well, it may have provided an even more detailed description of the AWS. Previous research has been conducted by Krause et al 21 to compare the accuracy for this 2D motion analysis application, and though they analyzed sagittal ROM instead of the frontal ROM, found that it was a comparable analysis to the Vicon system.
The current study recruited and screened otherwise healthy participants that demonstrated an asymmetrical weight shift during the double-leg squat. Our findings cannot be generalized to an injured population. These results provide valuable pilot evidence to incorporate a TRX suspension trainer in an injured or previously injured population in research and clinical practice moving forward.
Continued Research
Previous research has demonstrated an overactive hip adductor and underactive gluteus medius muscle on the limb shifted toward in comparison to the limb shifted away from. 19 Similarly, research has demonstrated that an overactive hip adductor and underactive gluteus medius can contribute to medial displacement at the knee. 64 Future research should include the study of muscle activation, and a force plate or pressure sensing mat under the feet, with and without the TRX suspension trainer to fully describe what is occurring at the neuromuscular level as the individuals shift back toward a more equal distribution of weight.
Practical Applications
The TRX suspension trainer was an effective tool in decreasing the hip ADD angle differences during a double-leg squat in an acute setting. This helps supports the use for the TRX suspension trainer in the rehabilitation setting for correcting the asymmetrical weight shift. The
Coach's Eye application was also a useful and cost effective clinical tool in helping to identify and measure the asymmetrical weight shifts. This tool can easily be used for other movement pattern screens and may be a useful tool in providing visual feedback to patients as well.
